Bioremediation of oil along the nw Portuguese coast - the role of autochthonous microorganisms by Vanessa Alexandra Martins Gouveia
VANESSA ALEXANDRA MARTINS GOUVEIA 
 
 
BIOREMEDIATION OF OIL ALONG THE NW PORTUGUESE 






Dissertação de Candidatura ao grau de 
Mestre em Toxicologia e Contaminação Ambientais 
submetida ao Instituto de 
Ciências Biomédicas de Abel Salazar da 
Universidade do Porto. 
 
Orientador – Ana Paula Mucha  
Categoria – Investigadora 
Afiliação – Investigadora do Centro 
 Interdisciplinar de Investigacao  
Marinha e Ambiental (CIIMAR) 
 
Co-orientador - C. Marisa R. Almeida  
Categoria – Investigadora 
Afiliação – Investigadora do Centro 
 Interdisciplinar de Investigacao 


























































































Fig.1-A - Oil movements and amount transported in Europe during the year 
2005; B - Major oil spills occurred in the coast of the Iberian Peninsula as a result 
of tanker accidents and ....................................................................................... 4 
Fig. 2-Main principle for aerobic degradation of hydrocarbons by microorganisms 
( adapted from Das and Chandran 2011) ........................................................... 13 
Fig. 3-Degradation pathways of alkanes and cycloalkane (adapted from Fritsche 
and Hofrichter 2001). ........................................................................................ 14 
Fig.4-The two alternative pathways of aerobic degradation of aromatic 
compounds: o- and m-cleavage (adapted from Fritsche and Hofrichter 2001). .. 16 
Fig. 5-Douro estuary (A), Minho estuary (B) and sandy coastal beach (Cabo do 
Mundo) (C). ....................................................................................................... 19 
Fig. 6-Sampling locations in Minho (M1-M4) and Douro (D1-D4) estuaries and in 
sandy coastal beaches (C1-Vila Praia Âncora, C2-Carreço, C4-Vila Chã, C5-Cabo 
do Mundo and C6-Foz) (courtesy of http://earth.google.com). .......................... 26 
Fig. 7-The Membrane Filtration Procedure (from Prescott 2002) ........................ 27 
Fig. 8-A - Muffle furnace; B - Desiccator with porcelain crucibles ..................... 28 
Fig. 9-A: Vacuum filtration system; B: Sets of glass slides ................................. 30 
Fig.10-Microplates for HD determination .......................................................... 31 
Fig.11-Concentration of total petroleum hydrocarbons (mean and standard 
deviation, n = 3). *values below the limit detection (0.047 mg g-1) .................... 37 
Fig.12-Principal Component Analysis (PCA) ordination based on data from water 
characterization ................................................................................................ 40 
Fig.13-Principal Component Analysis (PCA) ordination based on data from 
sediment characterization. ................................................................................ 41 
Fig.14-TCC and HD estimated at different sampling sites (mean and standard 
deviation, n = 3). Different letters indicate significant (p<0.05) in terms of TCC 
(a,b,s,d,,w,) or HD (x,y, f, c). .............................................................................. 42 
Fig.15-Bacterial richness (A) and diversity (B) based on ARISA profiles (mean and 
standard deviation, n = 3). (*significantly different values (<0.05 P) when 
comparing D1 to D4). ........................................................................................ 43 
Fig.16-MDS ordination obtained from ARISA fingerprints of bacterial 
communities. .................................................................................................... 44 
Fig. 17-Sediments were collected in 3 locations along the northern Portuguese 
Coast: coastal beach (Cabo do Mundo) and in Minho and Douro estuaries. ........ 57 
Fig.18-Experimental design. ............................................................................. 59 
Fig.19-Scheme for the dilution of samples (adapted from Prescott 2002). ......... 60 
Fig. 20-Scheme used for pricking out (from Prescott 2002). .............................. 60 
Fig. 21- Microbial abundance (mean and standard deviation, n=3) in sediments 
from initial sediments (Douro estuary, Minho estuary and Coastal beach) and after 
15 days of experiment (T15). First letter, D-Douro; M-Minho; C-Coast and 
second letter, C-Control; O-Crude oil; D-Diesel oil; T-Turbine oil. •significant 
differences between Douro (initial sediment) and DO (p < 0.05); Δsignificant 
differences were observed (p< 0.05) when comparing each treatment with the 
respective initial sediment and when comparing with the respective control.; 
λsignificant differences were observed (p< 0.05) when comparing each treatment 
with the respective initial sediment and when comparing with the respective 
control. δsignificant differences between control and sediment initial. .............. 65 
Fig.22- Microbial abundance of hydrocarbon degraders (mean and standard 
deviation, n=3) in sediments from initial sediments (Douro estuary, Minho estuary 
and Coastal beach) and after 15 days of experiment (T15). First letter, D-Douro; 
M-Minho; C-Coast and second letter, C-Control; O-Crude oil; D-Diesel oil; T-
Turbine oil. λ significant differences between sampling sites in the initial 
sediment (p < 0.05); Δsignificant differences between Minho estuary and Coastal 
beach in T15 (p < 0.05). .................................................................................... 66 
Fig. 23- Bacterial richness (A) and diversity (B) in sediment samples (n=3) based 
on ARISA profiles, in sediments from initial sediments (Douro estuary, Minho 
estuary and Coastal beach) and after 15 days of experiment (T15). First letter, D-
Douro; M-Minho; C-Coast and second letter, C-Control; O-Crude oil; D-Diesel 
oil; T-Turbine oil. *significant differences were observed (p< 0.05) when 
comparing each treatment with the respective initial sediment and when 
comparing with the respective control. .............................................................. 69 
Fig.24- Clusters analysis (A) and MDS ordination (B) based on Bray–Curtis 
similarities on the presence/absence matrix obtained from ARISA fingerprints of 
bacterial communities of the initial sediment and after 15 days of exposure to the 
different treatments. ......................................................................................... 72 
Table 1-Genera of bacteria that utilizes hydrocarbons as sole source of carbon 
and energy (adapted from Chikere et al. 2011). ................................................. 11 
Table 2-GPS coordinates, along the NW Portuguese Coast, from Douro and Minho 
estuaries and coastal beaches. .......................................................................... 25 
Table 3-Characterization of the water from the different locations: Douro estuary 
(D1-D4); Minho estuary (M1-M4) and coastal beaches (C1-C6) (nd - not 
detected). .......................................................................................................... 35 
Table 4-Characterization of the sampling sediment from the different locations: 
Douro estuary (D1-D4); Minho estuary (M1-M4) and coastal beaches (C1-C6) (* 
Mean and standard deviation, n = 3). ................................................................ 36 
Table 5-PAHs levels obtained in sediments from the different locations: Douro 
estuary (D1-D4); Minho estuary (M1-M4) and coastal beaches (C1-C6). (mean and 
standard deviation, n = 3). < d.l - values below the limit detection. .................. 38 
Table 6-HNS levels obtained in sediments from the different locations: Douro 
estuary (D1-D4); Minho estuary (M1-M4) and coastal beaches (C1-C6). (mean and 
standard deviation, n = 3). < d.l - values below the limit detection. .................. 38 
Table 7-Metal levels obtained in sediments from the different locations: Douro 
estuary (D1-D4); Minho estuary (M1-M4) and coastal beaches (C1-C6). (mean and 
standard deviation, n = 3). < d.l - values below the limit detection. .................. 39 
Table 8-ANOSIM test for different site based on ARISA ...................................... 45 
Table 9-BioEnv analysis for the relationship between the microbial community 
and the environmental variables. Spearman rank coefficient in brackets; overall 
optimum is indicated in bold. ............................................................................ 45 
Table 10-Water characterization the different sampling sites (*<d.l – values below 
the limit detection (0.25(µM))). .......................................................................... 63 
Table 11-Sediment type and water and OM contents in the different sampling site 
(*mean and standard deviation, n=3). ............................................................... 64 
Table 12- Total petroleum hydrocarbons (TPH) concentrations (mg g−1, mean 
and standard deviation, n=3) at the beginning of the experiment (T0) and after 
15 days (T15) in sediments contaminated with different types of oils, as well as 
the respective TPH degradation percentages (*significant (P<0.05) differences 
between T0 and T15 samples). .......................................................................... 67 
Table 13- Abundance of isolated strains obtained from microbial consortia 
derived from the different sampling sites and degrading different hydrocarbons. 
First letter, D-Douro; M-Minho; C-Coast and second letter, ; O-Crude oil; D-
Diesel oil (δ- colonies were only found in the 10-3 dilution and are countless; λ- 
colonies that spread a lot, the count it's not possible, however we were able to 
isolate); T-Turbine oil. ....................................................................................... 68 
Table 14- Global test of two-way crossed ANOSIM based on ARISA results from 
initial sediment and after 15 days of exposure of sediments to the different 
treatments......................................................................................................... 72 

















Genus Typical substrate Genus Typical substrate
Achromobacter Gas oil Klebsiella Crude oil
Acidecella  Naphthalene Lactobacillus Crude oil
Acidovorax Phenanthrene Leclerica Pyrene
Acinetobacter Gas oil Leucothrix Crude oil
Actinomyces Crude oil Lutibacterium Phenanthrene
Aeromonas Diesel oil Marinobacter Crude oil
Agrobacterium  Gasoline Micrococcus Hexadecane
Alcaligenes  Gas oil Moraxella Biphenyl
Alcanivorax Alkanes; crude oil Mycobacterium Phenanthrene
Alkanindiges  Alkanes Neptumonas Naphthalenes
Alteromonas Crude oil Nocardia Alkanes; crude oil
Arthrobacter Gas oil Nocardioides Phenanthrene; crude oil
Aureobacterium Crude oil Ochrabactrum Diesel
Azoarcus Toluene Oleiphilus Alkanes
Azospirillum Jet fuel Oleispira Alkanes; crude oil
Azotobacter Crude oil Paenibacillus Phenanthrene
Bacillus Toluene; crude oil Pasteurella Fluoranthene
Beijerinckia Phenanthrene Peptococcus Crude oil
Blastochloris Toluene Planococcus Alkanes; crude oil
Brevibacterium Alkanes Polaromonas Naphthalene
Brevundimonas Fuel oil Proteus Crude oil
Burkholderia Toluene Pseudomonas Gas oil; crude oil
Clavibacter Naphthalene Ralstonia Toluene
Comamonas Phenanthrene Rhodococcus Phenanthrene; crude oil
Corynebacterium Fuel oil; crude oil Sarcina Crude oil
Cyclostaticus Biphenyl; crude oil Serratia Crude oil
Cytophaga Crude oil Sphaerotilus Crude oil
Dechloromonas Benzene Sphingomonas Toluene
Desulfatibacillum Alkanes Spirillum Crude oil
Desulfobacterium Xylene Staphylococcus Diesel
Desulfobacula Toluene Stenotrophomonas Pyrene
Desulfosarcina Xylene Streptomyces Alkanes
Desulfosporosinus Gasoline Thalossolituus Alkanes; crude oil
Dietzia Alkanes Thauera Toluene
Enterobacter Alkanes Thermoleophilum Alkanes
Erwinia Alkanes Thermus Pyrene
Flavobacterium Diesel oil; crude oil; phenanthrene Terrabacter Fluorene
Geobacillus Crude oil Vibrio Phenanthrene
Geobacter Toluene Xanthobacter Dibenzothiophene



































Sampling site FCs (UFC 100mL
-1
) FEs (UFC 100mL
-1
) Phosphate (uM) Nitrate (uM) Nitrite (uM) Ammonium (uM) Salinity O2 (mg l
-1
)
D1 8533 200 0.95±0.08 25±1 0.40±0.09 4.3±0.6 6,50 10,07
D2 7600 100 1.3±0.2 26±2 0.5±0.1 3.9±0.4 2,88 10,24
D3 9467 1000 1.1±0.1 54±1 0.9±0.2 6.0±0.3 0,11 10,21
D4 5867 67 1.1±0.1 51±2 1.0±0.1 4.4±0.4 0,09 10,39
M1 60 40 1.6±0.2 14±2 0.3±0.2 2.4±0.8 6,50 11,40
M2 3640 1200 1.55±0.08 9±1 0.18±0.09 52±6 2,88 10,98
M3 20 20 2.7±0.1 22.3±0.4 1.07±0.05 3.2±0.2 0,11 10,93
M4 n.d n.d 1.57±0.08 29.8±0.3 0.27±0.06 4±1 0,09 10,55
C1 n.d n.d 0.43±0.04 0.9±0.3 0.2±0.2 27±2 32,00 10,78
C2 n.d 1 0.6±0.2 0.5±0.1 0.12±0.06 3±1 32,20 14,58
C4 n.d n.d 1.0±0.1 1.2±0.1 0.21±0.02 1±1 33,40 14,14
C5 5 8 1.72±0.02 12.4±0.6 0.1±0.1 1.2±0.2 33,00 9,84
C6 121 3 2.45±0.05 7.5±0.6 1.0±0.4 1.6±0.5 31,30 10,67
 
 
D1 D2 D3 D4 M1 M2 M3 M4 C1 C2 C4 C5 C6
Naphthalene 1.2±0.5 5.2±0.4 6.2±0.3 5.7±0.6 2.3±0.6 2.6±0.2 < d.l 4±1 0.7±0.1 0.6±0.2 1.1±0.6 0.9±0.5 0.9±0.3
Acenaphthylene < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l
Acenaphthene < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l
Fluorene < d.l 2.9±0.5 7±3 2±1 < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l
Phenanthrene 2.3±0.2 31±2 103±49 25±2 8±2 11.9±0.7 3.2±0.2 13±2 2.2±0.4 2.7±0.4 1.4±0.1 1.35±0.02 1.3±0.2
Anthracene < d.l 5.8±0.5 28±15 4.5±0.6 1.0±0.3 < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l
Fluoranthene 1.9±0.3 37±7 200±68 32±2 4.7±0.4 < d.l < d.l 11±5 < d.l < d.l < d.l < d.l < d.l
Pyrene 2.6±0.2 34±4 188±56 35±3 5±1 6±3 2.2±0.3 11±4 < d.l < d.l < d.l < d.l < d.l
Benz(a)anthracene 3.8±0.2 16±1 98±17 15±1 7.46±0.04 7.7±0.2 7.21±0.08 9±1 < d.l < d.l < d.l < d.l < d.l
Crysene < d.l 8±1 72±8 7.0±0.1 < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l
Benz(b)fluoranthene < d.l 4±2 37±7 4±1 < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l
Benz(k)fluoranthene < d.l < d.l 18±4 < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l
Benz(a)pyrene < d.l 1.9±0.3 32±9 2.5±0.3 < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l < d.l
Indene(1,2,3-cd)pyrene 2.0±0.6 4.7±0.2 10±1 5.9±0.1 4.9±0.2 3.1±0.4 < d.l < d.l < d.l < d.l < d.l < d.l < d.l
Dibenz(ah)anthracene 2.8±0.1 4.61±0.02 5.4±0.1 4.8±0.2 4.5±0.1 4.5±0.2 < d.l < d.l < d.l < d.l < d.l < d.l < d.l
Benz(ghi)perylene 2.7±0.5 4.5±0.3 8.8±0.7 5.0±0.3 4.6±0.1 4.1±0.3 < d.l 4.7±0.2 < d.l < d.l < d.l < d.l < d.l





D1 D2 D3 D4 M1 M2 M3 M4 C1 C2 C4 C5 C6
± ± ± ± ±
± ±

























































































































































































Douro estury Minho estary Coastal beach
FCs (UFC 100mL-1) 350 360 8
FEs (UFC 100mL-1) 460 53 11
Phosphate (uM) 0.65±0.08 0.6±0.1 0.8±0.0
Nitrate (uM) 47±4 31±3 24±4
Nitrite (uM)
Ammonium (uM) 14.8±0.7 7.98±0.07 11.6±0.7
Salinity (ppt) 36 0.5 33.2
  
 
 
 
 

 


 


 


  

 


 






